Introduction {#S0001}
============

Attention deficit hyperactivity disorder (ADHD) is a common neurodevelopmental disorder with a global lifetime prevalence of approximately 7.2%.[@CIT0001] ADHD is characterized by inattention, hyperactivity, and impulsivity. These symptoms are indicative of impairment of executive function.[@CIT0002] Several studies have revealed that ADHD is associated with injury proneness,[@CIT0003]--[@CIT0008] and children with ADHD have more severe injuries and more often require hospital treatment following an injury than do those without ADHD.[@CIT0009],[@CIT0010] The incidence of injury results in the shortening of life expectancy and is one of the most common causes of death among children with ADHD.[@CIT0011],[@CIT0012] Among all injuries, burn injury is catastrophic and has clinical implications. Although burn injury is regarded as an acute event, its sequential effect on psychological and physical function can be comparable to that of a chronic condition.[@CIT0013],[@CIT0014]

Several studies have investigated the association between ADHD and increased burn injury risk in children.[@CIT0015]--[@CIT0019] One case--control study including 223 patients demonstrated that the prevalence of burns among children with ADHD (10.6%) was considerably higher than that among the controls (2.0%).[@CIT0019] Badger et al conducted a retrospective study and reported that children with ADHD were more frequently involved in high-risk activities leading to burn injury and that they more frequently experienced mental health problems.[@CIT0016] However, the literature contains limited data regarding the association between burn injury and ADHD in clinical settings under the consideration of other mental health problems and possible confounders.

Studies investigating ADHD and injury proneness through database analyses have reported burn injury risk among patients with ADHD.[@CIT0004]-[@CIT0007],[@CIT0020] However, the results of these studies were inconclusive. A national cohort study conducted in the United Kingdom examined correlations between childhood psychiatric disorder and unintentional injury in more than 10,000 children aged 5--15 years.[@CIT0004] The results revealed that burn injury was more common among patients with ADHD than among those without diagnosed psychiatric conditions, but the statistical significance of the effect vanished after other psychiatric diseases were adjusted for. Another database study conducted in Germany identified no significant difference in burn risk between children with ADHD and those without.[@CIT0007] One population study conducted using claims data in Taiwan reported that patients with ADHD had a higher burn injury risk than did controls, with the corresponding odds ratio (OR) being 1.6.[@CIT0005] Individuals aged 6--18 years were included in the study; those aged younger than 5 years, who are at higher risk of burn injury,[@CIT0021],[@CIT0022] were not examined in the study. In addition to age, a wide range of potential confounders, such as sex, urbanization level of residence, medication use, and comorbidities, have been identified in evaluations of burn injury risk.[@CIT0018]

Accordingly, we conducted this retrospective cohort study using a nationwide population-based database to comprehensively evaluate the risk of burn injury for children diagnosed as having ADHD, with possible confounders considered. We performed propensity score matching, in which the conditional probability of assignment to a particular group is based only on observed covariates, to balance the covariates of observational data.[@CIT0023] The use of propensity scoring with time-to-event data through weighting or matching techniques is well established.[@CIT0024]

Materials and Methods {#S0002}
=====================

Data Source {#S0002-S2001}
-----------

This study was reviewed and approved by the Institutional Review Board of Chang Gung Memorial Hospital. The study used data from Taiwan's National Health Insurance Research Database (NHIRD) under the aegis of the National Health Research Institutes. Taiwan launched a single-payer National Health Insurance (NHI) program on March 1, 1995, covering all health care services for 99.5% of the national population.[@CIT0025] Because the NHI is a compulsory universal program for all residents in Taiwan, the NHIRD is a comprehensive health care database containing outpatient, ambulatory, hospital inpatient, and dental services data. The NHIRD also includes crucial information such as patients' demographic data, medical institutions visited, diagnostic codes, drugs prescribed, dates of all prescriptions, and all claimed medical expenses. The accuracy of disease diagnosis in the NHI system has been reported as being up to 99%.[@CIT0026],[@CIT0027] The database has been used in numerous epidemiologic studies.[@CIT0028],[@CIT0029]

Patient Selection and Propensity Score Matching {#S0002-S2002}
-----------------------------------------------

[Figure 1](#F0001){ref-type="fig"} illustrates the procedure employed for the selection of the study population. Individuals aged younger than 18 years receiving one or more inpatient or three or more outpatient diagnoses of ADHD (International Classification of Diseases, Ninth Revision, Clinical Modification \[ICD-9-CM\] code 314) in 1 year between January 1, 1996, and December 31, 2013, were included in the ADHD cohort. We excluded individuals whose birth year was before 1996 (n = 55,558) and those whose diagnosis occurred after 2012 (n = 9854) because of insufficient duration of follow-up. To examine only incidence of burn injury following ADHD, patients diagnosed as having burn injury (ICD-9-CM codes 940--949) before a diagnosis of ADHD were also excluded. The dataset for the ADHD group finally contained data for 90,634 patients.Figure 1Flowchart for selection of the study population.

The control group was selected from the Longitudinal Health Insurance Database 2005 (LHID2005), a subset of the NHIRD, for which patients were randomly sampled from the 2005 Registry of Beneficiaries of the NHIRD. LHID2005 contains original claims data for 1 million individuals. Individuals not diagnosed as having ADHD during the monitoring period (January 1, 1996, to December 31, 2013) were enrolled as the control cohort. The control and ADHD groups were matched using 1:1 propensity score matching. Propensity scores were determined using multivariate logistic regression analysis with sex, age, urbanization level of residence, and comorbidities. Comorbidities associated with ADHD or burn injury including seizure (ICD-9-CM code 345), intellectual disability (ICD-9-CM codes 317--319), autism (ICD-9-CM code 299), conduct disorder (ICD-9-CM code 312), oppositional defiant disorder (ICD-9-CM code 313.81), anxiety (ICD-9-CM code 300), and depression (ICD-9-CM codes 296.2, 296.3, 300.4, and 311) were identified as confounding covariates.[@CIT0005],[@CIT0030]

Outcome Measurement {#S0002-S2003}
-------------------

We defined incidence of burn injury (ICD-9-CM codes 940--949) as the outcome of interest. Each participant was followed up from the index date to the occurrence of the outcome, death, or the end of the study period (December 31, 2013). The index date was the date of first ADHD diagnosis. This date was matched in the control group to reduce potential temporal bias.

Statistical Analysis {#S0002-S2004}
--------------------

All data management and statistical analysis processes were performed using SAS (version 9.3; SAS Institute Inc., Cary, NC, USA). The chi-square (χ^2^) test was used to compare characteristics between the ADHD and control groups and to determine the distribution of the study population. Variables are presented as numbers with percentages. A Cox proportional hazards regression model was employed to estimate burn injury risk for the ADHD group relative to the control group. A stratified Cox proportional hazards regression model was adopted for the subgroup analysis to evaluate the effects of age (≥6 and \<6 years) and sex (male and female). The results are presented as adjusted hazard ratios (aHRs) with 95% confidence intervals (CIs).

Results {#S0003}
=======

In total, 52,705 patients with ADHD and 1:1 propensity score matched non-ADHD controls were included in the study cohort. A comparison of the baseline characteristics of patients with ADHD with those of the non-ADHD controls is provided in [Table 1](#T0001){ref-type="table"}. No difference was observed between the two groups in sex, age, urbanization level of residence, seizure, asthma, intellectual disability, autism, conduct disorder, oppositional defiant disorder, anxiety, or depression.Table 1Comparison of Baseline Characteristics of Patients with ADHD and Non-ADHD Controls in the Propensity ModelVariablesADHD (N = 52,705)Non-ADHD (N = 52,705)Standardized DifferenceN%N%Gender Female13,08424.812,31823.40.03 Male39,62175.240,38776.6−0.03Age 0--5975218.510,07919.1−0.02 6--1138,38972.837,397710.04 12--1845648.752299.9−0.04Covariates Seizure17983.414092.70.04 Intellectual disability1390.3760.10.04 Autism3090.63150.60.00 Conduct disorder2860.52570.50.00 Opposition defiant disorder290.1280.10.00 Anxiety14142.715673−0.02 Depression7571.450610.04Urbanized Level of Residence 1 (City)17,80333.817,15532.60.03 225,32648.125,60748.6−0.01 3669312.7676212.80.00 4 (Villages)28835.531816−0.02[^1]

We evaluated the association between ADHD and burn injury. The incidence of burn injury in patients with ADHD was 4.6%, higher than that of the non-ADHD controls (2.6%, standardized difference = 0.11). The influence of risk factors on burn injury was assessed using Cox proportional hazards regression analysis ([Table 2](#T0002){ref-type="table"}).Table 2Cox Proportional Hazards Model for Effect of ADHD on Burn RiskVariablesUnadjusted AnalysisAdjusted Analysis Model^a^HR95% CIP valueHR95% CIP valueADHD1.761.65--1.88\<0.00011.781.66--1.90\<0.0001Male gender0.970.90--1.050.45390.980.91--1.050.5278Age 0--5(ref.)1.001.00 6--110.580.54--0.62\<0.00010.570.54--0.61\<0.0001 12--180.460.39--0.54\<0.00010.480.41--0.57\<0.0001Urbanized Level of Residence 1(City) (ref.)1.001.00 21.060.99--1.140.10411.081.01--1.160.0347 31.141.03--1.260.01481.151.04--1.280.0071 4(Villages)1.201.05--1.380.00911.251.08--1.430.002Covariates Seizure1.281.10--1.500.0021.191.02--1.400.0301 Intellectual disability1.500.91--2.490.1161.140.68--1.890.6286 Autism0.840.55--1.280.41090.760.50--1.150.1964 Conduct disorder0.950.62--1.460.81471.070.70--1.650.7604 Opposition defiant disorder0.440.06--3.100.40820.550.08--3.870.5437 Anxiety0.650.52--0.810.00020.770.61--0.980.0301 Depression0.710.51--0.990.04080.840.59--1.200.3417[^2][^3]

We also performed a subgroup analysis using the stratified Cox proportional hazards regression model to investigate the impact of age (≥6 and \<6 years) and sex on burn injury ([Table 3](#T0003){ref-type="table"}). The effect of ADHD on burn injury risk was more prominent among patients aged younger than 6 years (aHR = 1.96; 95% CI = 1.75--2.20) than it was among those aged 6 years or older (aHR = 1.69; 95% CI = 1.56--1.83). The sexes had a similar risk profile for burn injury.Table 3Effects of Age and Sex on Burn Injury RiskSubgroupUnadjusted AnalysisAdjusted Analysis Model^a^HR95% CIP valueHR95% CIP valueGender Female1.781.55--2.03\<0.00011.801.58--2.07\<0.0001 Male1.751.63--1.89\<0.00011.771.64--1.91\<0.0001Age \<61.941.73--2.17\<0.00011.961.75--2.20\<0.0001 ≥61.701.56--1.84\<0.00011.691.56--1.83\<0.0001[^4][^5]

Discussion {#S0004}
==========

In this propensity-matched cohort study, we used a nationwide population database to evaluate the association between ADHD and burn injury. Compared with individuals in the non-ADHD group, patients with ADHD were significantly more prone to burn injury. The association between ADHD and burn injury was similar in individuals of either sex, but younger children were at higher risk of burn injury.

Previous studies have suggested that children with ADHD have a signiﬁcantly higher risk of burn injury. One retrospective chart review revealed that the overall rate of ADHD diagnosis in children with burn injury was 13%, which was higher than the prevalence in the general population.[@CIT0017] A case--control study comprising 123 patients with ADHD and 100 controls investigated the association between burn injury and ADHD.[@CIT0019] The results revealed that the incidence of burn injury in the ADHD group was 10.6%, significantly higher than that in the control group (2%). To our knowledge, the population included in our study is the largest among related studies. Although our results indicate that children with ADHD were more prone to burn injury, the incidence of burn injury was 4.6%, considerably lower than the rates reported in previous case--control studies. This discrepancy may be attributed to differences in research methodologies. In one previous case--control study, patients were asked to recall burn injuries during an interview; hence, recall bias should be considered. By contrast, the incidence of burn injury was identified in claim records in our study. Cases of minor burn injury may have been concealed if individuals did not seek medical care.

Several population database studies have reported conflicting findings. A database study conducted in Germany compared the risk of hospitalization due to injury between patients aged 3--17 years newly diagnosed as having ADHD and those without ADHD; the results revealed no significant increase in burn risk among patients with ADHD.[@CIT0007] However, we noted that confounders were not studied in the preceding study, and the heterogeneity of characteristics may have interfered in the evaluation of the influence of ADHD. In another national cohort study, a nationally representative study population of more than 10,000 children aged 5--15 years was selected from a registry database to assess the relationship between unintentional injury and childhood psychiatric disorder.[@CIT0004] The results revealed that ADHD was associated with burn injury, but the correlation was dispelled after other psychiatric diseases and psychosocial factors were adjusted for. In the mentioned national cohort study, the study population was aged 5--15 years, which was more limited than the population we explored.

The correlation between ADHD and burn injury has several potential explanations. Impulsive behavior is believed to play a major role in burn injuries. A retrospective study investigated the cause of burn injuries in patients with ADHD and suggested that impulsive behavior contributed to burn injuries in more than 54% of patients with ADHD.[@CIT0015] Risk-seeking behaviors, such as fire-play and fire-setting, are not uncommon among individuals with ADHD.[@CIT0018] Additionally, carelessness related to attention deficit, overlooking danger, and impairments in motor coordination and executive function may be associated with burn injuries.[@CIT0018] However, limited attention has been paid to these possible mediating factors. Further comprehensive examination of the causal relationship between ADHD and burn injury is warranted.

In this study, individuals diagnosed as having ADHD and aged younger than 6 years were more prone to burn injury. A previous study in Taiwan that analyzed a national database reported a 1.6-fold increase in the risk of burn injury among individuals with ADHD compared with controls for a population aged 6--18 years.[@CIT0005] One systematic review investigated the epidemiology of unintentional burn injuries in Asia and revealed that the majority of the injury burden was among younger children, particularly those aged younger than 5 years.[@CIT0022] The effect of age on burn injury among children with ADHD required urgent clarification. Our findings indicate that individuals with ADHD and who were aged younger than 6 years were at higher risk of burn injury. These higher numbers of burns in early childhood may be linked to the inquisitive behavior of children who have not acquired sufficient experience regarding dangers as well as their total dependency on parents and caregivers.[@CIT0031] The findings highlight the need to establish policy for the prevention of burn injury among children with ADHD.

This study has several strengths. First, the nationally representative study population was large, and selection bias was minimized. Second, individuals with ADHD were identified by physician diagnoses rather than through a self-report scale, preventing recall bias. Furthermore, we used propensity score matching, which provided a "least biased" approach to measuring the influence of ADHD on burn injury risk.

This study also has several limitations. First, diagnoses of ADHD and diseases were obtained from administrative claims data; thus, possible misclassifications may exist due to help-seeking behavior. Stigma regarding mental illness may prevent individuals from visiting a psychiatric clinic. Second, we selected individuals by using Taiwan's NHIRD and records from January 1996 to December 2013. The data registered during the period between 1996 and 2013 were recorded using ICD-9-CM, which had more strict criteria regarding ADHD than ICD-11. Cases of ADHD may be missing due to this methodological limitation. An updated diagnostic system should be considered in future analysis. Third, some vital clinical information, such as socioeconomical status, parental supervision, family history, and lifestyle, was not obtained from the claims data. These psychosocial confounding factors may have significant influences on burn risk, particularly for young children. Finally, the severity and predominant features of ADHD symptoms were not assessed, and data for the analysis of the correlation of ADHD symptoms with burn injury severity were not available. Further comprehensive research should be conducted to analyze the relationship between ADHD symptoms and burn severity.

Conclusion {#S0005}
==========

The results of this study suggest that clinicians pay attention to burn risk for patients with ADHD, particularly for children aged younger than 6 years. Continual efforts are required to enhance public awareness of burn risk for young children with ADHD. Further exploration of the causal relationship between ADHD and burn injury will provide more information for the prevention of burn injury.
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[^1]: **Abbreviation:** ADHD, attention deficit hyperactivity disorder.

[^2]: **Note:** ^a^Adjusted by sex, age, urbanization level of residence, seizure, intellectual disability, autism, conduct disorder, oppositional defiant disorder, anxiety, and depression.

[^3]: **Abbreviations:** ADHD, attention deficit hyperactivity disorder; HR, hazard ratio; CI, confidence interval.

[^4]: **Note:** ^a^Adjusted by sex, age, urbanization level of residence, seizure, intellectual disability, autism, conduct disorder, oppositional defiant disorder, anxiety, and depression.

[^5]: **Abbreviations:** HR, hazard ratio; CI, confidence interval.
